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ABSTRACT 
 
Palm oil fly ash (POFA) is the industrial waste which may causes environment 
problems such as groundwater contamination and spills of bulk storage. Referred to its 
chemical compositions and oxide percent content, POFA has high potential to be used 
as a pigment in paint manufacturing process. The utilizes of POFA as a main material in 
pigment producing is able to reduce the environment problems that occurred, also can 
produce more cheaper paint and turn the problems into benefits that useful to others. So 
that, a comprehensive study are planned in order to complete this investigation 
successive achieved the optimum preparation of POFA as a pigment also optimum 
composition in paint mixing. Start with pigment preparation, four samples are produced 
with certain mixing ratio and characterization of pigment is done by Scanning Electron 
Microscope (SEM) analysis. Then, paint mixing was prepared by using the pigment that 
produced from POFA also by added with certain ratio of other components that 
normally used in paint manufacturing which is binder, solvent and additive. The 
optimum composition of paint, the ratio is pigment with 27 wt%, binder with 40 wt%, 
solvent with 27 wt% and additive with 6 wt%. The paint mixing is done with 45 µm of 
pigment size and the stir machine speed with 750 rpm for 60 minutes of mixing period. 
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INTRODUCTION 
 
The palm oil industry has expanded rapidly in Malaysia, Indonesia and the rest of the 
world since few decades ago [1-3]. The processing of oil palms also contribute a side 
product, million tons of biomass annually. Various efforts are being made to convert the 
biomass into value-added products wherein, combustion of palm oil plant residues for 
renewable electricity is one among the alternative of disposing the biomass [4]. The 
combustion process producing palm oil fuel ash (POFA), which potentially leads to 
bronchi and lung diseases [6]. In addition, the POFA is generally being left as a waste in 
open fields, may cause traffic hazard and thus, there lays the challenge of converting the 
POFA into other useful forms. Recently, the public awareness of environmental issues 
is found to increase as well. Citizens in almost all countries start to realize that quality 
of the environment is essential to their well-being and also common good [7, 8].  
 In this study, the feasibility of POFA as a pigment in paint technology is 
investigated. The utilization of POFA as paint pigment is favorable due to its stability 
and non-toxicity. The chemical compositions of POFA are 52 -60% SiO2, 6.69 – 8.83% 
Al2O3, 5.73 – 9.77% Fe2O3, 6.72 – 11.30% CaO, 3.09 -3.69% MgO, 7.64 – 10.2% 
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K2O, 6.72 – 14.85% , loss on ignition and < 1% SO3 [6], which are completely free of 
toxic metal such as Cd, Co, Cr, Hg and Pb. On the other hand, producing colour 
pigment by using POFA as pigment element reduces the solid waste in palm oil 
industry, in addition to the advantages of inexpensiveness and ready access to POFA 
feedstock. 
 
METHODOLOGY 
 
Ash is an amorphous solid, i.e., it is shapeless or non-crystalline solid. Generally, ash 
can be classified into two types, specifically, the bottom ash and fly ash. In this study, 
the main focus is placed on the fly ash from palm oil.  
 
POFA Preparation  
 
The fly ashes are produced from palm oil dregs. The dregs are blended and crushed, and 
subsequently go through the burning process in furnace [11]. As a result, the dregs 
become small particles. Next, a process which known as force reduce draft fan takes 
place, where a fan is used to pull out the lighter fly ash while leaving the heavier fly ash 
in a special case. In the second stage, the obtained heavier fly ashes are next be 
produced in lay bar in the system. This process is repeated but with different size of 
particles [12]. In the last stage, the obtained fine particles are stored up at below of 
chimney boiler. Once again, force draft fan is run to segregate the lighter fly ash or 
granule.  
 
Table 1: Chemical Requirement for Fly Ash Classification [11, 12] 
 
Properties Fly Ash Class 
Class F Class C 
Silicon Dioxide (SiO2) + 
Aluminum Oxide (Al2O3) + 
Iron Oxide 
70.0 50.0 
(Fe2O3), min, % 
Sulphur Trioxide (SO3), min, 
% 
5.0 5.0 
Moisture content, min, % 3.0 3.0 
Loss on ignition 6.0 6.0 
   
The use of class F fly ash containing up to 12% lost ignition may be 
approved by the user if acceptable performance result are available. 
 
The resulting POFA is a fine grey amorphous powder, where its colour depends 
on the percentage of carbon the ash. The higher the percentage of the carbon is, the 
darker the grey colour will be [11]. In general, POFA can be classified into two classes, 
i.e., class F and class C, based on the chemical composition of the fly ash [11, 12].  
According to ASTM C 618, the classification of any fly ash based on the chemical 
requirement is shown in Table 1.The chemical compositions of POFA are determined 
by standard wet chemical analysis method of chemical analysis. The wet sieve analysis 
of POFA shows that the 78% of the particles are below 4µm size. The chemical analysis 
of various oxide percent content, (wt %) is summarized in Table 2.  
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Table 2: Chemical Composition and its Oxide percent content [11, 12] 
 
Chemical Compositions Oxide Percent Content, (wt %) 
SiO2 62.12 
Al2O3 21.30 
Fe2O3 5.55 
TiO2 1.38 
MgO 1.58 
CaO 0.53 
K2O 4.24 
Loss on ignition 3.3 
 
 
Pigment Preparation  
 
Figure 1 summarizes the steps involved in preparing the paint pigment from the POFA. 
Initially, sulfur, POFA, calcium and potassium carbonate are mixed to form the starting 
reagents, following the ratio stated in Table 3. Firstly, the POFA is mixed with 
potassium carbonate, followed by the sulfur, and lastly the calcium. It is pertinent to 
note that the calcium is added only after the sulphur has been mixed with the largely 
inert POFA due to the fact that sulphur and calcium are two of the three ingredients of 
gunpowder [14]. Traditionally, kaolin is used as the starting reagent in the synthesis of 
industrial ultramarine blue. However, it is replaced with POFA in this study due to the 
similarity of their main chemical components and the ratio of Si to Al is 1.16 for both 
reagents.  
 
 
Paint Composition  
 
All paints are basically similar in composition. It contains a suspension of finely ground 
solids in a liquid medium consisting of a polymeric and a volatile solvent in which the 
ground solids, liquid medium and polymeric are commonly termed as pigment, vehicle 
and binder, respectively. Basically, pigment, binder, solvent and additives form the 
fundamental constituents of paints. Paints exist in solid, liquid or gaseous suspension 
form [14]. For the top quality of latex paint, binder and pigment each occupied about 
30-45% of the paint and the rest was solvent and additive [12]. The most common white 
gloss (alkyd) paint available have the ratio of 30% of binder, 25% of pigment, 40% of 
solvent and 5 % of additive [15]. There is very little amount required for additive. 
However, in this research the other characteristic of pigment that used is not same with 
current pigment in paint manufacturing, and then the ratio for paint mixing is changed. 
Table 4 are shown the different ratio that used for four samples of paint. 
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Figure 1: Methodology Flow Chart 
   
Table 3: Ratio of Raw Material in Pigment 
 
Components/Sample POFA 
(wt %) 
Potassium 
Carbonate (wt %) 
Sulphur 
(wt %) 
Calcium (wt 
%) 
Sample 1 – closed 45 20 25 10 
Sample 2 – opened 45 20 25 10 
Sample 3 – opened 40 20 20 20 
Sample 4 – closed 40 20 20 20 
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Table 4: Ratios of Paint Component in Each Sample 
 
Component / Paint Pigment                 
(wt %) 
Binder                 
(wt %) 
Solvent                  
(wt %) 
Additive            
(wt %) 
Sample 1 20 37 39 4 
Sample 2 27 40 27 6 
Sample 3 17 55 22 6 
Sample 4 15 33 48 4 
 
 
Pigment & Paint Characterization  
 
For the pigment characterization, SEM was used to identify the particle formation, also 
the crystallization phase occurred and decomposition of each pigment samples that 
produced. For paint characterization, few testing are prepared based on their purposes in 
paint testing and standard. The testing is divided into two different tests. First, tests are 
conducted for liquid state which is pH test and solid contain determination. Second, 
tests are done to the paint after it is dried or exist as the final layer on surface or as solid 
state which includes glossy test, hardness test and the last one is adhesive test. 
 
 
RESULTS AND DISCUSSIONS 
 
Optimum Preparations of Pigment  
 
Based on Table 3, 4 samples with different ratio were prepared. All samples underwent 
sintering under the same temperature profiles in order to produce the paint pigment. 
Figure 2 (a), (b), (c) and (d) shown the paint pigments are produced and Figure 3 is the 
temperature profile that used for sintering process for each sample. 
 
 
(45% P, 20% S, 25% PC, 10% CH– closed) 
 
(45% P, 20% S, 25% PC, 10% CH – opened) 
(a) (b) 
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(40% P, 20% S, 20% PC, 20% CH – opened) 
 
 (40% P, 20% S, 20% PC, 20% CH – closed) 
 
Figure 2: Sample of 4 differents composition of pigment 
 
 
 
 
Figure 3: Temperature Profile (10 hours) 
 
 
Optimum Composition of Paint  
 
The compositions of paint mixing are consist pigment, binder, solvent and additive. In 
this research, the binder was used is alkyd resin except sample paint 4 that used the 
alkyd enamel as a binder, polyurethane thinner for solvent and lead 32% for additive. 
The preparation of the paint was mix binder and solvent at first, after that add in the 
pigment and the additive. Also, the pigment are used for sample paint 1 is pigment 
sample (a), for sample paint 2 is pigment sample (b), for sample paint 3 is pigment 
sample (c) and the last one sample paint 4 is used pigment sample 1 Next, by add the 
grinder balls and undergo the mixing process by using stir machine. Other related 
information during do this mixing as stated on Table 5. 
 
 
 
 
(c) (d) 
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Table 5: Related Information of Paint Mixing 
 
Mixing Information/ 
Paint 
Pigment Size 
(µm) 
Mixing Period 
(min) 
Mixing Speed 
(rpm) 
Sample 1 125 120 750 
Sample 2 45 60 750 
Sample 3 45 90 750 
Sample 4 63 135 750 
 
 
pH Testing  
 
For paint sample 1, the pH value obtained was 8.0 which is weakly alkali but nearly 
neutral. Different with paint sample 2, the pH value drop to 5.3 which is weakly acid. 
For paint sample 3, the pH value obtained was 7.0 which stated that this sample is 
neutral. For the last sample which is paint sample 4, the pH value obtained was 6.3 and 
this sample is weakly acid but nearly neutral. The main factors that affect the pH value 
are the percentage of binder and solvent usage in paint mixing. Table 6 is shown the 
result of this testing for each sample.  
 
Table 6: Result of pH Test. 
 
Paint Sample pH Value 
1 8.0 
2 5.3 
3 7.0 
4 6.3 
 
 
Solid Contain Determination 
 
Based on the result obtained as stated on Table 7, the highest solid contain percentage 
was recorded from paint sample 2 with 75.6%, followed by paint sample 3 with 62.9% 
and paint sample 2 with 61.7%. The lowest solid contain percentage is paint sample 1 
with 52.7%. Also, same with pH testing, percentage of binder and solvent are used will 
affect the solid contain percentage. 
 
 Table 7: Result of Solid Contain Determination. 
 
Paint Sample 
 
Evaporated (gram) 
 
Solid Contain Percentage (%) 
1 0.217 52.7 
2 0.097 75.6 
3 0.254 61.7 
4 0.157 62.9 
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Gloss Test  
 
Paint sample 1 was in range 8.2 GU to 8.9 GU with it classification is velvet finish with 
G2 gloss level. For paint sample 2, it was in range 79.4 to 84.7 GU with it classification 
is gloss finish with G6 gloss level. Then, for paint sample 3 was in range 63.6 to 68.7 
GU with it classification is semi-gloss finish with G5 gloss level. For the last paint 
sample, it was in range 6.8 to 10.3 GU and classified as velvet finish with G2 gloss 
level. After done this testing, the glossy of paint sample affected by it percentage of 
binder and additive used, also the crucible situation while do the sintering whether 
opened or closed. For the pigments sintered with opened crucible, the range are 63.6 to 
84.7 GU whereas the range for pigments that sintered with closed crucible are 6.8 to 
10.3 GU. The result of each sample is shown on Table 8. 
 
Table 8: Result of Gloss Test 
 
Paint Sample Glossy Range (GU) – 600 
1 8.2 - 8.9 
2 79.4 - 84.7 
3 63.6 - 68.7 
4 7.9 - 10.3 
 
 
Hardness Test  
 
Based on the result obtained as stated in Table 9, the hardness level for each paint 
sample are 8B, 8B, 5B, 5B. It means all the samples were too soft compare to the 
current paint in painting industries. However, the failure in low hardness scale may 
occur if the paint film is not dried well and also if the thickness is too large. 
  
Table 9: Result of Pencil Test 
 
Paint Sample Hardness Level 
1 8B 
2 8B 
3 5B 
4 5B 
 
Tape Adhesive Test 
 
For this testing, the failure only occurred on paint sample 1. The percentage of removal 
area is over 65% and it classified as 0B adhesiveness level. The failure occurred 
because this paint sample are cannot dried as well compared to other samples. Table 10 
is shown the result of tape adhesive testing for each sample. 
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Table 10: Result of Adhesive Tape Testing 
 
Paint Sample 
 
Removed Area (%) 
 
Classification 
1 greater than 65 0B 
2 none 5B 
3 none 5B 
4 none 5B 
 
 
 
CONCLUSIONS 
 
The paint from POFA pigment with comparable performance with existing paint was 
successfully developed. The Paint was developed using alkyd resin, polyurethane 
thinner for solvent and lead additive 32% with the pigments synthesized from POFA 
composite via a sintering method at temperature 750°C within 10 hours. This method is 
available for industrial applications and has the characteristics of ease of handling and 
high quality of products. In this research, it is found that the mixture of 45 wt% of 
POFA, 25 wt% of potassium carbonate, 20 wt% of sulphur and 10 wt% of calcium 
hydroxide with the sintering process at 750°C for 10 hours with opened crucible is able 
to produce the desired paint pigment and this ratio is classified as optimum preparation 
of pigment that used the industrial waste which is POFA. Also, for the optimum 
composition of paint, the ratio is pigment with 27 wt%, binder with 40 wt%, solvent 
with 27 wt% and additive with 6 wt%. The paint mixing is done with 45 µm of pigment 
size and the stir machine speed with 750 rpm for 60 minutes of mixing period. 
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